A critical role for ATP in the stimulation of retinal guanylyl cyclase by guanylyl cyclase-activating proteins.
It has been believed that retinal guanylyl cyclase (retGC), a key enzyme in the cGMP recovery to the dark state, is solely activated by guanylyl cyclase-activating proteins (GCAPs) in a Ca2+-sensitive manner. However, a question has arisen as to whether the observed GCAP stimulation of retGC is sufficient to account for the cGMP recovery because the stimulated activity measured in vitro is less than the light/GTP-activated cGMP phosphodiesterase activity. Here we report that the retGC activation by GCAPs is larger than previously reported and that a preincubation with adenine nucleotide is essential for the large activation. Under certain conditions, ATP is two times more effective than adenylyl imidodiphosphate (AMP-PNP), a hydrolysis-resistant ATP analog; however, this study mainly used AMP-PNP to focus on the role of adenine nucleotide binding to retGC. When photoreceptor outer segment homogenates are preincubated with AMP-PNP (EC50 = 0.65 +/- 0.20 mM), GCAP2 enhanced the retGC activity 10-13 times over the control rate. Without AMP-PNP, GCAP2 stimulated the control activity only 3-4-fold as in previous reports. The large activation is due to a GCAP2-dependent increase in Vmax without an alteration of retGC affinity for GCAP2 (EC50 = 47.9 +/- 2.7 nM). GCAP1 stimulated retGC activity in a similar fashion but with lower affinity (EC50 = 308 nM). In the AMP-PNP preincubation, low Ca2+ concentrations are not required, and retGC exists as a monomeric form. This large activation is accomplished through enhanced action of GCAPs as shown by Ca2+ inhibition of the activity (IC50 = 178 nM). We propose that retGC is activated by a two-step mechanism: a conformational change by ATP binding to its kinase homology domain under high Ca2+ concentrations that allows large enhancement of GCAP activation under low Ca2+ concentrations.